Abstract: Fifty-two ostracod taxa were identified from two sediment cores collected from the early Badenian Židlochovice stratotype. Ostracod assemblages were analyzed with a focus on taxonomy, paleoecology, distribution of taxa along the sediment cores, quantification of valve/carapace ratios, and species richness by Simpson's Reciprocal Index. The changes in ostracod assemblages identified in these cores reflect a shallowing of the marine water-depth from circalittoral/epibathyal to shallow infralittoral, and an increase in the sedimentation rate upwards through time. A comparison of all Badenian ostracod assemblages in the Carpathian Foredeep indicates a high proportion of deep-water ostracod species in Židlochovice and its surroundings, suggesting that the deepest part of the Carpathian Foredeep was probably situated in this part of the Czech Republic.
Introduction
Outcropping deposits found at the Židlochovice locality in Moravia (Czech Republic) belong to the southern part of the Carpathian Foredeep. In 1978, the locality was selected as the regional stratotype for early Badenian -Moravian stage, biostratigraphically correlated to the NN5 nannofossil biozone and Orbulina suturalis foraminiferal zone, and corresponding to the Early Langhian in the Mediterranean [1, 2] . It is one of the most important early Badenian paleontological sites in the Central Paratethys, due to its rich fossil assemblage consisting of circalittoral marine foraminifers, radiolarians, bryozoans, ostracods, microflora (nannoplankton and red algae), mollusks (bivalves, gastropods, cephalopods), several species of sea urchins, corals and the otoliths of deep-water fishes [1, 3] . It is one of two key localities ( 
Geological and stratigraphic setting
The Židlochovice locality (formerly a brickyard) is located 20 km south of Brno (Moravia, Czech Republic), falling within the bounds of the Výhon Natural Park, which is situated on the northeastern edge of the city Židlochovice ( Figure 1 ). The Žilochovice 1 sediment core is located at 49
• 02'49.8"N 16
• 37'31.8"E, and it is situated 230 m above sea level; Židlochovice 2 is located at 49
• 02'49.6"N 16
• 37'38.0"E at an altitude of 246 m. The central part of the hill, Výhon, consists of early Badenian sediments, whereas sediments of Karpatian age are found in its eastern part. A lithological profile of the early Badenian Žid-lochovice locality, and of the cores studied in this paper, consists of gray sandy and silty calcareous clay (known as Tegls), fine yellowish sand, and algal limestone benches at the base, with a top layer of Pleistocene loess a few metres thick [2] [3] [4] .
Methods
Twenty-one samples, each with a constant weight of 300 g, were collected from the Židlochovice 1 and Židlochovice 2 sediment cores. Thirteen of these samples (Nos 1-13) were taken from Židlochovice 1, with eight samples (Nos 14-21) obtained from Židlochovice 2. In the laboratory, each sample was dissolved in a solution of H 2 O (3 L) and Na 2 CO 3 (60 g) and heated to 80
• C. Dissolved samples were washed through sieve meshes 0.2 and 0.125 mm in diameter.
Ostracod specimens were counted as following: 1 carapace = 2 specimens, 1 valve = 1 specimen. When possible, an optimum number of 300 specimens per sample were picked from the washed residue to aid statistical analysis [5] .
In total, fifty-two taxa were identified among the 5123 specimens extracted from the core samples (Appendix).
In this paper, we quantified specimen and species abundance by calculating Simpson's Reciprocal Index (SRI) [6] , using the formula SRI= N(N-1)/Σ n(n-1), where n = the total number of specimens of a species, and N = the total number of specimens of all species. This quantification allowed us to identify the most abundant and dominant species, and to observe changes in species dominance. Calculation of the valve/carapace ratio was used to infer sedimentation rates, with a total absence of closed carapaces (0) signifying slow sedimentation rates, and a sample containing only carapaces signifying a high sedimentation rate [7] . 
Results

Age of the ostracod assemblages
The ostracod assemblages of the Židlochovice cores contain a number of species with large stratigraphic ranges, extending from the Early Miocene to the Badenian (Table 1) (specifically Grinioneis haidingeri, Henryhowella asperrima) [8] , and from the Early Miocene to early Sarmatian (Loxocorniculum hastatum) [8] . Acanthocythereis hystrix is rare in Židlochovice and elsewhere in Central Paratethys. This deep-water species occurred in this area only during the early Badenian [9] , but is later recorded from the Plio-Pleistocene sediments of the Mediterranean, where is still lives [10] [11] [12] . Xestoleberis dispar is known from the late Badenian [8] and Sarmatian [13] of the Central Paratethys and the Plio-Pleistocene to Recent sediments of the Mediterranean [14] , and similarly, Callistocythere postvallata was known only from late Badenian to early Sarmatian deposits [8] ; the presence of these two species at Židlochovice extends their stratigraphic range to the early Badenian. 
Ostracoda of the Židlochovice 1 sediment core
Forty-five species (including eight in open nomenclature) were identified from the Židlochovice 1 sediment core ( Figure 2 ). Grinioneis haidingeri, Henryhowella asperrima, Loxocorniculum hastatum, and Cytheridea acuminata were the most common species found along the core, whereas Cnestocythere lamellicosta and Aurila opaca were the most abundant ( Table 2) .
Acanthocythereis hystrix, Acanthocythereis sp., Eucythere alexanderi, Cytheropteron sp., Verrucocythereis verrucosa, Incongruellina keiji, Hemicytherura aff. H. videns, Semicytherura filicata, and ?Pseudocytherura sp. occur rarely and can be assumed to be allochthonous in the sediment core.
In the samples, specimen abundance ( Figure 2A Above sample No.8, the SRI decreases rapidly to a value of 5.79 in sample No.6, likely as a response to some external stress. However, the SRI becomes more stable above this sample, varying between 6.76 and 8.36, indicating a later stabilization of the environment and the dominance of several species (mainly Aurila opaca and Cnestocythere lamellicosta) when compared to samples No.12 to No.8. (Table 2 ).
Besides the changes in species richness and species presence/occurrence, we have also observed changes in specimen abundance. Henryhowella asperrima, Pterygocythereis calcarata, Cytheridea acuminata, Heliocythere vejhonensis, Buntonia subulata subulata, decreased in abundance towards the top of the core, whereas the specimen abundance of Aurila opaca, A. cicatricosa, A. punctata, A. angulata, Senesia philippi, Loxocorniculum hastatum, Cnestocythere lamellicosta, and Tenedocythere sulcatopunctata increased rapidly upwards. Semicytherura filicata, and Neocytherideis gyrata have been found rarely, and are probably allochthonous.
Ostracoda of the Židlochovice 2 sediment core
The maximum number of species per sample (36, in samples No.20 and 21) was observed at the bottom of the core, and species richness decreased to a minimum of 17 species in sample No.17 ( Figure 4B ). This decreasing trend towards the top of the core is similar to the trend observed in Židlochovice 1. Buntonia brunensis, Buntonia subulata subulata, Callistocythere postvallata, and Xestoleberis tumida, which were found in samples No.20 and 21, disappeared in samples No.14-19, and were replaced by Phlyctenophora affinis and Bythocypris lucida, both species being rare.
The SRI has the maximum value of 13.14 in sample No.21, and this gradually decreases to 6.49 (in sample No.14) under the influence of external environmental stress (R 2 = 0.4501). Thus, there is a clearly demonstrated decreasing trend in species abundance, and an increase in the dominance of Aurila spp. (Table 3, Figure 5 ).
Palaeoecology of the ostracod assemblage
The ostracod assemblages discussed (sections 4.2 and 4.3, above) indicate changes in the marine habitat, which were possibly caused by changes in bottom substrate, salinity, rate of sedimentation, or bathymetry.
Changes in the bottom substrate, from clay to sandy clay, sand, and limestone towards the top of the sections may be one reason for the observed assemblage changes ( Figures  2, 4) , although there is not enough data to demonstrate an adaptation of the observed species to specific substrates.
Although all of the ostracods identified from Židlochovice 1 and Židlochovice 2 indicate a marine environment, they show different tolerances to water depth and salinity. Aurila is a marine genus, but some of its species can tolerate salinity fluctuations from hyperhaline to brackish, such as the epineritic species Aurila cicatricosa (Reuss, 1850) and Aurila opaca [15] . Marine sublittoral Grinioneis haidingeri, infralittoral and phytal Cnestocythete lamellicosta, and infralittoral-circalittoral Loxoconcha punctatella are tolerant to salinity decreases [8] . The infralittoral Loxocorniculum hastatum, and species of the genera Cytheridea and Callistocythere, are also supposed to be halotolerant [16] [17] [18] . According to summary of [8] , the genus Xestoleberis lives in shallow brackish, vegetated marine, up to circalittoral environments on a pelitic substrate. The kymatophobian Pterygocythereis calcarata [8, 19] lived exclusively in the marine infralittoral-circalittoral environments. Marine sublittoral Acantocythereis hystrix indicates a Mediterranean climate zone and water-depth from 70 to 170 m [20] , whereas another marine sublittoral species, Costa punctatissima, lived at depths of 40-125 m [8] . The epibathyal genus Olimfalunia extended from the infralittoral to the epibathyal zone [20] . Living representatives of Henryhowella indicate deeper circalittoral to bathyal zones, and similar depths are also attributed to Henryhowella asperrima [8] . Finally, Parakrithe is a genus considered to inhabit infralittoral-epibathyal zones [8] .
Another possible reason for the supposed changes in the paleobiotopes is indicated by the ostracod valve/carapace ratios, in that the rate of sedimentation affects the postmortem disintegration of the carapace. In the case of rapid burial, the opportunity for a dead animal to disintegrate decreases, as the sediment does not allow the opening of the carapace after the destruction of the muscles and ligament [7] .
Figures 2C and 4C show the proportions of counted ostracod valves and carapaces in each of the samples. In the lower part of Židlochovice 1 (samples No.8-13), the number of loose valves (33 to 301) is much higher than that of preserved carapaces (0 to 4). This ratio changes rapidly in sample No.7, in which carapaces prevail over loose valves (ratio 25/49), possibly due to carbonate sedimentation, although this ratio is also low in samples from sandy deposits (samples No.1-6). The same trend is observed in Židlochovice 2 ( Figure 4C ), although the differences in the valve/carapace ratio (from 295/31 in sample No.21 to 39/104 in sample No.14) are not as high as in Židlochovice 1. If we apply the observation of [7] to the data obtained from the Židlochovice 1 and Židlochovice 2 cores, we can infer a rise in sedimentary rate towards the top of the section.
Changes in the ostracod association within Židlochovice 1 indicate a change in the marine habitat between the samples No. 8 ance of circalittoral to epibathyal species, indicate a transition to the shallow infralittoral environment between samples No.7 and No.1.
In the Židlochovice 2 assemblage, a decrease in specimen abundance for the deeper circalittoral to epibathyal species (Henryhowella asperrima) is observed towards the top of the core, athough shallower (Senesia philippi) and infralittoral and phytal (Cnestocythete lamellicosta) species became subdominant. However, this change in species dominance and composition is not as significant as that seen in Židlochovice 1. Aurila species are dominant in the Židlochovice 2 samples, and due to this, the Židlochovice 2 assemblage is most similar to the assemblage seen in the upper part of Židlochovice 1 (samples No.1-7); this assemblage indicates shallow infralittoral conditions.
Discussion
Ostracoda from Židlochovice and significant Brno localities
The early Badenian ostracod fauna was studied, mainly from the taxonomical point of view, using 15 localities surrounding Brno. The deposits occurred as denudation relicts (Figure 1 ) on the Bohemian Massif, and their fauna is almost identical to that observed in Židlo-chovice (for the details see [21] ), including the presence of freshwater genera (Candona) transported to shallow marine (Aurila, Senesia, Tenedocythere) and neritic (Buntonia, Cytherella, Henryhowella, Bosquetina, Parakrithe, Krithe) environments. The Brno Královo Pole locality seems the most important for paleobathymetrical interpretation of the Carpathian Foredeep. There, two bathymetrically different sections were recognized in the clay succession through study of the fish fauna (Figure 1, 6 ).
[22] supposed a depositional depth exceeding 200 m, possibly 500 m, for the blue and gray clay due to the presence of the fish family Macrouridae; the overlying yellow and brown clay was probably deposited in a shallower environment. The ostracod species identified from this site suggest a marine environment whose depth ranges from shallow to bathyal [23, 24] . Based on the presence of the psychrospheric genus Agrenocythere (localityČeská, 
The Židlochovice ostracoda in the context of the Carpathian Foredeep and adjacent areas
A shallow-water assemblage (water depth ≤100 m) of sixty-one ostracod species was described from the Grund Formation in Austria ( Figure 6 ) [26] , dominated by species of the genera Hemicytheridea, Cyamocytheridea, and Cytheridea. A deeper environment was signaled by the presence of the genera Krithe and Henryhovella, both of which are also known from Židlochovice.
A large sample of Badenian deposits from the Vienna Basin (Bad Deutsch Altenburg) documented the presence of sixty-four shallow water, phytal, brackish, and freshwater ostracod species [8] , which were found in mediolittoral to infralittoral deposits. Twenty-eight of these species were also observed at Židlochovice.
The Badenian fauna of Kamienica Nawojowska (Nowy Sącz Basin, Poland) is composed of forty-two species, which indicated pericoastal, shallow, and unstable environments [27] . Although the genera Nipponocythere, Triebelina, Xylocythere, ?Microxestoleberis, Jonicythere, Nonurocythereis, Pontocythere, and ?Ghardaglaia have been described from the Polish part of the Carpathian Foredeep [27] [28] [29] [30] , they have not yet been found in Žid-lochovice or in any of the other basins of the Central Paratethys [8, 9, 24] . Their occurrence in Poland can be related to an environment undersaturated in CaCO 3 and /or O 2 , and rich in nutrients (Nipponocythere). A shallow-water environment (Triebelina) with abundant aquatic vegetation (Nonurocythereis), or the presence of active hydrocarbon seepage (Xylocythere, ?Microxestoleberis) could also explain the presence of these taxa [27] [28] [29] [30] . Such parameters are presently unknown for Židlo-chovice, and thus only bathymetry can be invoked to explain the differences between Židlochovice and the other Carpathian Foredeep localities in the Czech Republic and Poland.
As we concluded elsewhere (section 4.4), the ostracod association of Židlochovice lived in an environment that evolved from ?epibathyal-circalittoral to an infralittoral environment, deeper than the above-mentioned ostracod assemblages recorded from Poland and Austri.a
The Židlochovice locality was biostratigraphically attributed to the NN5 nannofossil biozone and the Orbulina suturalis foraminiferal zone [1, 2] . During this time period, a marine connection is documented between the Carpathian Foredeep and the Mediterranean, via the Dinarid corridor in the south. Marine genera Parakrithe, Acanthocythereis, Henryhowella, Cytheropteron, Bythocypris, Buntonia, and Cytherella, found at Židlochovice and other Carpathian Foredeep localities in the Czech Republic document this connection. Tectonic processes connected with an active dynamic at the border between the Bohemian Massif and the Western Carpathian plate caused the presence of this deep-water environment [32] . This sedimentary space became progressively shallower, as documented by the changes in ostracod assemblages discussed here, and finally dissappeared in the Late Badenian due the uplift of the Western Carpathian accretion prism [33] .
Conclusion
Fifty-two ostracod taxa were identified from the Židlo-chovice 1 and Židlochovice 2 sediment cores. The occurrence of Bythocypris lucida, "Gen. indet." moravica, and Incongruellina keiji confirms the early Badenian age of these deposits. The ostracod assemblages were analyzed by focusing on taxonomy, paleoecology, the distribution of the specimens and species along the cores, quantification of the valve/carapace ratio, and species richness by calculating Simpson's Reciprocal Index. The assemblage analysis signals an increase in valve/carapace ratio towards the top of both cores, which could reflect an increase in the sedimentation rate through time. A remarkable change was observed in sample No.7 (5.5-5.6 m depth) of the Židlochovice 1 core. A change in the species assemblages indicates the transition between two marine habitats. Circalittoral/epibathyal ostracod species disappeared towards the top of this section, and were replaced by marine shallow infralittoral species tolerating a decrease in salinity. In comparison, the ostracod species composition of Židlochovice 2 is more stable, and reflects shallow infralittoral conditions similar to those observed in the upper part of the Židlochovice 1.
